Dynamic hydrologic models of areas that are potentially larger than characteristic storm sizes must give explicit consideration to the effect of storm size on the rainfall-runoff process. The local response of an element of the modeled area can be parametrized in terms of proportion of saturated and impermeable area and infiltration parameters of the unsaturated permeable areas. When a very simple spatial description of the storm depth and duration is provided, it is possible to integrate the local response over the entire area to obtain the average, or lumped, input-output behavior of the large area on a volume basis. Where infiltration-excess runoff is significant, the rainfall-runoff response of a large area is extremely sensitive to the storm size, with a fixed volume of precipitation producing more runoff when it is concentrated over smaller areas. Where saturated or impermeable source areas provide most of the surface runoff, this scale effect on runoff volume is absent. Whenever the effect is significant, it becomes important for rainfall-runoff models to include not only the rainfall volume but also some description of its areal variability, as forcing variables.
INTRODUCTION
One goal of physical hydrology is to describe hydrologic processes at catchment scale by means of models derived from the underlying physics. The first approximation is to represent a catchment as a homogeneous one-dimensional system subjected to uniform atmospheric forcing, i.e., precipitation and potential evaporation. Due to the enormous spatial variability of physical parameters and forcing functions in nature, such a
In the following sections we describe a simple conceptual model of surface runoff from small elements of land areas, postulate three simple descriptions of large-scale variation of storm depth and duration, derive expressions for the areal average surface runoff volume, and present computed results. We discuss briefly the implications for climate modeling.
SURFACE RUNOFF AT A POINT
In response to storm precipitation there is a quick response description does not appear to be accurate in many cases.
Several studies have been conducted to examine the effect of of streamflow due to a number of physical mechanisms soil spatial variability on physical processes related to soil [Beven, 1983] the modeled area into two subareas. The first subarea, having The prediction of general circulation of the atmosphere by proportion M s of the total area, includes water surfaces, imnumerical climate models requires descriptions of land surface permeable areas, saturated land areas, and areas that saturate boundary conditions at model grid scales, typically on the rapidly during significant storm events' all water falling on order of hundreds of kilometers. At such scales the importance this subarea is presumed to produce surface runoff. The second subarea, having proportion Mt(--1 --M s) of the total of large-scale spatial heterogeneity of precipitation events area, produces runoff only when sufficient infiltration has 0c-takes on real significance, since characteristic storm scales may be much smaller than these. In this paper we continue the curred to reduce infiltration capacity below the rainfall rate. work of MilIy and Eagleson [1982_3 describing the effects of For the sake of expedience we treat M s and M • as constants storm size on surface runoff volumes in situations where the for a given storm, although we recognize that the division storm size is not necessarily large compared to the modeled between subareas can vary during the course of a storm. In area. We consider runoff production by the classical the development that follows we shall assume that each eleinfiltration-excess mechanism and by saturated and imperme-ment of modeled area has the same partitioning between able source areas, and we develop exact expressions for the source area types as implied by M s and M •. 
For the problem of rainfall infiltration the water supply rate is finite, and neither (3) nor (4) is directly applicable. They may be applied, however, in conjunction with the time compression approximation [Reeves and Miller, 1975] pt precipitation intensity at which t o equals t,. 
